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DETAILED ACTION 
Claim Cancellations 

1. Applicant’s cancellation of Claim 5 in Letter of January 15, 2004 is acknowledged, 


I 

i 


Claim Rejections - 35 U.S.C. 103 


2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obvious- 

ness rejections set forth in this Office Action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 

102 of this title, if the differences between the subject matter sought to be patented and the prior art are such that the 

subject matter as a whole would have been obvious at the time the invention was made to a person having ordinary skill 

in the art to which said subject matter pertains/ Patentability shall not be negatived by the manner in which the invention 
was made. 


3. Claims 1 -4, and 6 - 8 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Joshl et al. (US 6,030,895) in view of Edelstein et al. (US 6,399,496 Bl), and Merchant 
(US 6,440,849 B1). 


4. Regarding Claim 1, Josh! et al. disclose a method for fabricating an. interconnection 
structure used on a device in an integrated circuit wherein a barrier layer (34,40).(Figure 
2) (Col. 4, lines 50 - 62) is formed along the lateral sidewalls and bottom of a via 
aperture, where the via aperture is configured to receive a via material that connects a 
first and second conductive layer. Joshi et al. further disclose that the via material is 
subsequently deposited (Col. 8, lines 5 - 8) and comprises a ternary Cu alloy (Col. 8, 
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lines 24 - 27). Joshi et al. do not disclose the constituents of the ternary alloy. Edelstein 
et al. disclose that the ternary alloy (Col. 8, lines 49 - 52) can be formed using Cu, Zn 
(Col. 8, lines 42 - 45) and Cr (Col. 8, lines 35 -41) and formed in a via. Neither Joshi et 
al. nor Edelstein et al. disclose that Cr additions to the copper alloy increase and subse¬ 
quently stabilize the grain size. Merchant et al. disclose that Cr additions to the copper 
produce an initial increase and subsequent stabilization of grain size (Col, 2, lines 8- 
15), It would have been obvious to one of ordinary skill in the art at the time of the 
invention to combine Merchant et al. and Edelstein et al. with Joshi et al. to provide a 

stable Cu alloy layer with improved electromigration properties. 


5. Regarding Claim 2, Joshi et al. do not disclose that the copper alloy via material 

■u. 

includes Ag. Edelstein et al. disclose the use of Ag as an alloying element for Cu. 

(Col. 8, lines 42 -45). It would have been obvious to one of ordinary skill in the art at the 

time of the invention to combine Edelstein et al. with Joshi et al. to provide a stable Cu 
alloy layer with improved electromigration properties. 


6. Regarding Claim 3, Joshi et al. do not disclose that the copper alloy via material 
includes Zn. Edelstein et al. disclose the use of Zn as an alloying element for Cu. 

(Col. 8, lines 42 - 45). It would have been obvious to one of ordinary skill in the art at the 
time of the invention to combine Edelstein et al. with Joshi et al. to provide a stable Cu 

alloy layer with improved electromigration properties. 
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7. Regarding Claim 4, Joshi et al. do not disclose that the.copper alloy, via material in- 
eludes one atomic percent of Ag. Merchant et al. disclose that the alloy includes Ag 
(Col. 3, line 6) and that the concentration is less than one atomic percent (Col; 3, lines 11 
-12). It would have been obvious to one of ordinary skill in the art at the time of the 


invention to combine Merchant et al. with Joshi et al. to provide 


a stable Cu alloy layer 


with improved electromigration properties. 


8. Regarding Claim 6, Joshi et al. do not disclose that the copper alloy via material 
includes Cr. Edelstein et al. disclose the use of Cr as an alloying element for Cu. . 

1 ' -f * - , 

(Col. 8, lines 35 - 41). It would have been obvious to one of ordinary skill in the art at the 
time of the invention to combine Edelstein et al. with Joshi et al. to provide a stable Cu 
alloy layer with improved electromigration properties. 


9. Regarding Claims 7 and 8, Joshi et al. do not disclose that the element for increasing 

grain size is Cr. Merchant et al. disclose that the element for increasing and stabilizing 

. 2, lines 8 - 15) is Cr (Col. 3, line 6) and that the concentration is less than 


grain size 


one atomic percent (Col. 3, lines 11 -12). It would have been obvious to one of ordinary 

skill in the art at the time of the invention to combine Merchant et al. and Edelstein et al. 

with Joshi et al. to provide a stable Cu alloy layer with improved electromigration 
ties. - . 


proper- 


10. Claim 9 is rejected under 35 U.S.C. 103(a) 


as being unpatentable over Joshi et al. in 
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«ew of Edelstein el al. and Merchant et at., as applied to Claims 1 - 4, and 6 - 8, and 
further in view of Gross (US 6,380,083 B1). 


11. Regarding Claim 9, Joshi et al. do not disclose the grain size of the copper layer 
(after annealing). Gross discloses that the grain size increases to sizes greater than or 
equal to 2 um (Col. 5, lines 30 - 36). It would have been obvious to one of ordinary skill, 
in the art at the time of the invention to combine Joshi et al. with Gross to obtain copper 
layers of stable grain size for improved device performance. 


12. Claims 10 - 16 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Joshi et al. in view of Andricacos et al. (US 6,090,710) arid Merchant. 

13. Regarding Claim 10, Joshi et al . disclose a method of using a ternary copper alloy 

(Col. 8, lines 24 - 27) to obtain interconnect or via structures in which a first conductive 

layer (Ml) (Figure 2) is provided over an integrated circuit substrate, followed by the 

formation of a conformal layer at the bottom and sides ofa via aperture to form a barrier 

layer separating the via from the first,conductive layer. Further, Joshi et al. disclose that 

the via aperture is filled with copper alloy to form a ternary via and a second conductive 

layer (M2) formed over the via, electrically connecting first and second conductive 
layers. 

Joshi et al. do not explicitly disclose that the addition of select alloying elements 
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will yield low resistance within the copper vias. However, Andricacos et al. disclose 
(Col. 8, Table 1) that the resistivity of copper alloys containing one percent or less of Sn 
and other alloying elements is altered. Therefore, it would have been obvious to one of, 

‘ r 1 • ’ -t. • ' 

ordinary skill in the art at the time of the invention to combine Andricacos et al. with 

Joshi et al. to obtain low resistance (resistivity) copper alloys for vias. 

* ■ r , * > 

Further, Joshi et al. do not disclose the presence of Cr or Ga. However, Merchant et al. 

* ^ * e * - 

<r ' 

disclose the addition of Cr element to the copper alloy for grain size control It would 

* i 

have been obvious to one of ordinary skill in the art at the time of the invention to add 

i ' . . _ , f 

the element Cr for grain size control and thus to combine Joshi et al. and Merchant et 


14. Regarding Claim 11, Joshi et al. do not disclose a ternary copper alloy via material 
containing at least 98 percent copper. Andricacos et al. disclose that the addition of an 
alloying element in the range, 0.01 and about 2 weight percent (Col. 8, lines 15 - i6) 

i 

with at least 98 percent Cu. 


15: Regarding Claim 12, Joshi et al. do not disclose that the ternary copper alloy via 

includes Sn. Andricacos et al. disclose (Col. 8, Table 1) that Sn is included in the via. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 

to combine Andricacos et al. with Joshi et al. to obtain low resistance (resistivity) copper 
alloys for vias. 
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16. Regarding Claims 13-16, Joshi et al. do not disclose that the ternary copper alloy 
via includes one atomic percent or less of an element for increasing grain size or that the 
element is Cr. Merchant disclose that the element for increasing and stabilizing grain size 
(Col. 2, lines 8 - 15) is Cr (Col. 3, line 6) and that the concentration is less than one 
atomic percent (Col. 3, lines 11 ^ 12). It would have been obvious to one of ordinary skill 
in the art at the time of the invention to combine Merchant et al. with Joshi et al. to pro- , 
vide a stable Cu alloy layer with improved electromigration properties. 

17. Claims 17 - 20 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Joshi et al. in view of Edelstein et al. - 

18. Regarding Claims 17 and 19, Joshi et al. disclose a method of forming a via in an 
integrated circuit, wherein a first conductive layer (Ml) (Figure 2) is formed, followed by 
deposition of an etch stop layer (34) over the first conductive layer and an insulating layer 
(14) over the etch stop layer, whereupon, an etch is applied and an aperture formed in the 
insulating layer and etch stop layer. Joshi et al. further disclose that a barrier material 
(40,34) is provided at the bottom and sides of the aperture, followed by a fill of the aper¬ 
ture with a ternary (Col. 8, lines 24 - 27) Cu alloy and formation of a second conducting 
line (M2), where the via electrically connects the first and second conductive layers. 
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Joshi et al. do not disclose the constituents of the Cu alloy. Edelstein et al. disclose that a 
ternary alloy (Col.8, lines 49 - 52) can be formed using Cu, Zn (Col. 8, lines 42 - 45) and 
Cr (Col. 8, lines 35 - 41) and formed in a via. It would have been obvious to one of 
ordinary skill in the art at the invention to use the procedures of Edelstein et al. in Joshi et 
al. to obtain a filled via with a combination of improved electromigration resistance, 
adhesion, and surface properties (Edelstein et al., Col. 8, lines 51 - 52) 


19. Regarding Claims 18 and 20, Joshi et al. do not disclose a copper alloy material 
that includes Cu, Sn, and Ca or that the compound source includes CuAgCr and CuSnCa. 
Edelstein et al. disclose that a ternary copper alloy (Col. 8, lines 49 - 52) can be formed 
comprising the following: CuAgCr (Col.8, lines 35 - 45) and CuSnCa (Col. 8, lines 31- 

. ’ ■ 1 t * ' 

41). It would have then been obvious to one of ordinary skill in the art at the time of the . 

invention to use the ternary alloy of Edelstein et al. in Joshi et al.-to obtain a filled via with 

♦ •* 

a combination of electromigration resistance, adhesion, and surface properties (Edelstein 
et al., Col. 8, lines 51 -52). 


20. Claims 21 and 22 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Joshi et al., in view of Edelstein et al. as applied to Claims 17-20 above, and further in 


view of Merchant etal. 


21. Regarding Claims 21 and 22, Joshi et al. do not disclose that the element for increasing 
grain size is Cr or the stuffing of grain boundaries. Merchant et al. disclose that the element 
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for increasing and stabilizing grain size (Col. 2, lines 8 - 15) is Cr (Col. 3, line 6) and that 
the concentration is less than one atomic percent (Col. 3, lines 11 - 12). Further, Merchant 


et al. disclose (Col. 2, line 62 through Col. 3, line 3) the motion of dopant or alloy element to 

grain boundaries to produce pinning and “stuffing” of grain boundaries. It would have been 

obvious to one of ordinary skill in the art.at the time of the invention to combine Merchant et 

al. and Edelstein et al. with Joshi et al. to provide a stable Cu alloy layer with improved 
electromigration properties. 


22,Claim 23. is rejected under 35 U.S.C. 103(a) as being unpatentable over Joshi et al., 
in view of Edelstein et al. as applied to Claims 17-20 above, and further in view of Gross. 


23. Regarding Claim 23, Joshi et al. do not disclose the grain size of the copper layer 
(after annealing). Gross discloses that the grain size increases to sizes greater than or 


equal to 2 urn (Col. 5, lines 30 - 36). It would have been obvious to one of ordinary skill 
in the art at the time of the invention to combine Joshi et al. with Gross to obtain copper 

layers of stable grain size for improved device performance. 


Response to Arguments 

15. Applicant’s arguments with regard to claim rejections have been carefully considered 
but these have been found to be unpersuasive: It should be remarked that Edelstein et 
al. use a deposition procedure to form a stable copper alloy within a via where the layer 
is formed by sputtering, ionized sputtering, CVD, evaporation and electrochemical 
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means, analogous to procedures recited in the instant application. It is irrelevant that the 
layer deposited is a “seed layer” or whether or not this is “filled” to the top of the via, 
since the claim limitations have no such restriction. 

Conclusions 

16. Any inquiry concerning this communication or earlier communications from the 
Examiner should be directed to Thomas Magee, whose telephone number is (571) 272 
1658. The Examiner can normally be reached on Monday through Friday from 8:30AM 
to 5:00PM (EST). If attempts to reach the Examiner by telephone are unsuccessful, the 

' .t * 

examiner’s supervisor, Eddie Lee, can be reached on (571) 272-1732. The fax 

number for the organization where this application or proceeding is assigned is (703) 
872-9306. 


Thomas Magee 
April 14, 2004 
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